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(54) GAS TURBINE ROTOR FOR STEAM COOLING

(57) A cooling steam circulation passage for a gas
turbine rotor (30) having turbine discs (41 ~ 47) are
composed of center line bores (73 ~ 77) open at an
axial end of the rotor and extending through a central
portion of the rotor; a steam inlet-outlet pipe (79) coaxi-
ally disposed therein so as to define an annular pas-
sage (81) for cooling steam at an outer side; steam
cavities (89a, 89b) defined between and by facing side
surfaces of said turbine discs; steam cavities (91a, 91b)

each defined at non-facing side surface portions of said
turbine discs (41, 43); axial steam holes (61, 63) formed
to extend through the turbine discs and including a par-
tition tube (99); and radial steam holes (97, 103a, 103b,
105, 107) extending from each of the steam cavities
(91a, 101, 89a) to mounting portions for the rotor
blades.
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Description

FIELD OF THE TECHNOLOGY

[0001] This invention relates to a gas turbine, and in
particular, to a structure of a rotor for cooling rotor
blades with steam.

BACKGROUND OF THE TECHNOLOGY

[0002] A typical cooling system of a conventional gas
turbine is schematically shown in Figure 4. The gas tur-
bine includes an air compressor 1, a combustion sec-
tion 3 and a turbine section as main components.
Intermediate stage bleeds 7a, 7b, 7¢ from the air com-
pressor 1 and partial compressor outlet air 9 are led to
stationary blades of the turbine 5 so as to cool them. In
addition, a portion of the outlet air of the air compressor
1 is led to blade roots 13 of rotor blades of the turbine 5
as a combustor casing bleed, thereby cooling the rotor
blades 15. In Fig.5, a conventional structure for cooling
the rotor blades 15 is illustrated. In Fig.5, a turbine rotor
has turbine discs 17a, 17b, 17¢, 17d which are arranged
in line along the rotor axis in mesh engagement
between coupling teeth on facing surfaces thereof and
through which spindle bolts 19 extend, and the rotating
blades 15a, 15b, 15¢, 15d are mounted on outer periph-
eries of the turbine discs 17a, 17b, 17¢c. The combustor
casing bleed 11 for cooling, which flows in through an
opening 21 in the turbine rotor, flows in an axial direction
through axial bores 23a~23c in the turbine discs
17a~17¢ and reaches blade root portions 13a~13d
through radial bores. The bleed or compressed air
which flows into internal cooling holes in the rotating
blades 15a-15d through the blade root portions 13a-
13d, cools the rotor blades 15a-15d from within and
finally blows out into the main flow of combustion gas.
[0003] Though the technology of cooling a turbine
section with such aforementioned bleed air from the
compressor has provided adequate effects, there is no
end to the need for increasing the output of the gas tur-
bine and improving the efficiency thereof, and it has
therefore been proposed to increase the inlet tempera-
ture for combustion gas of the gas turbine in order to
meet such needs. In this proposal, it is extremely diffi-
cult to keep the temperature of the turbine rotor blades
below an acceptable value by cooling them with conven-
tional compressed air and hence it has been proposed
to use steam as a cooling medium. However, it is not
permissible to emit steam into a working gas as with the
compressed air in the conventional art.

[0004] Accordingly, an object of the present invention
is to provide a gas turbine rotor for steam cooling which
has a structure suitable for cooling turbine rotor blades
with steam.
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DISCLOSURE OF THE INVENTION

[0005] For the purpose of solving the aforementioned
problem, according to the present invention, in a gas
turbine rotor composed of at least two turbine discs dis-
posed adjacent to one another along a longitudinal axis
and fastened together with spindle bolts extending
therethrough, a steam circulating flow passage for cool-
ing rotor blades comprises a center line bore extending
at the center of the rotor and open at an axial end of the
rotor, a steam inlet-outlet pipe coaxially disposed in the
center line bore so as to define an annular passage for
a cooling steam between an inner peripheral surface of
the bore and the pipe, a first steam cavity defined
between facing side surfaces of the turbine discs and
communicated with said steam inlet-outlet pipe, second
and third steam cavities each defined on an opposite
side face of the turbine disc and communicated with the
annular passage, an axial steam hole axially extending
through the turbine disc spaced apart from the center
axis of the disc and including a partition pipe extending
through the first steam cavity so as to communicate with
the second and third steam cavities, and radial steam
holes extending from each of the first, second and third
steam cavities towards mounting portions of the rotor
blades. Though it is preferable that the annular passage
is formed as a supply passage for cooling steam and
the interior of the steam inlet-outlet pipe is formed as a
return passage for the cooling steam, it is also permissi-
ble to form the annular passage as the return passage
for cooling steam and the interior of the steam inlet-out-
let pipe as the supply passage for the cooling steam.
[0006] Furthermore, though the axial steam hole may
be independently formed in the turbine disc, a through
hole for a spindle bolt extending through the turbine
discs so as to integrally combine them may also be used
as the axial steam hole.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Figure 1 is a vertical sectional view showing an
embodiment of the present invention;

Figure 2 is a fragmentary cross sectional view
taken along line lI-1l in Figure 1;

Figure 3 is a fragmentary sectional view showing a
modified embodiment with a portion of the afore-
mentioned embodiment changed;

Figure 4 is a schematic cooling system for a con-
ventional gas turbine; and

Figure 5 is a fragmentary longitudinal sectional
view of a conventional gas turbine.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008] An embodiment according to the present
invention will be described hereinafter with reference to
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the attached drawings. Referring to Figs. 1 and 2, a tur-
bine rotor 30 is connected, at its left (expressed in the
drawings hereinafter in a like manner) end, not depicted
here, to a rotor shaft of a compressor, and comprises
turbine discs 41, 43, 45, 47 which are integrally com-
bined in an axial line and on which a plurality of first
stage rotating blades 31, second stage rotating blades
33, third stages rotating blades 35, and fourth stage
rotating blades 37 are separately mounted in a circum-
ferential rows. The turbine disc 47 includes an integrally
formed support shaft extension 49 which, in turn, is
rotatably supported by a casing 53 through a bearing
51. The support shaft extension 49 is further connected,
at the right end thereof, to a seal sleeve 55 which is sur-
rounded by a seal housing 57 to thereby define an inlet
plenum 59 for cooling steam. The turbine discs
41,43,45 each have engagement protrusions 41a, 433,
45a at the right side surface thereof provided with cou-
pling teeth at the outermost end, while the turbine discs
43,45,47 each have engagement protrusions 43b, 45b,
47b at their left side surface provided with coupling
teeth at the outermost end such that these engagement
protrusions 41a, 43a, 45a, and 43b, 45b, 47b engage
one another to prevent relative displacement in a cir-
cumferential direction. Moreover, spindle bolts 69 are
placed through a plurality of axial bores 61, 63, 65, 67
drilled through the turbine discs 41, 43, 45, 47 so as to
fasten them. The arrangement relationship between the
axial bores 63 and the spindle bolts 69 is made clear in
Fig. 2, and that of the other bores 61, 65, 67 is similar to
that in the bores 63.

[0009] Next, the structure of a circulating passage for
the cooling steam will be described. Centerline bores
71, 73, 75, 77 extending in the axial direction are formed
in central portions of each of the turbine discs 41, 43,
45, 47. As is apparent in the drawings, the diameter of
the center line bore 71 is the smallest, that of the center
line bore 73 is larger , and those of the center line bores
75, 77 are approximately equal and are the largest. In
the center line bores 73, 75, 77 of the turbine discs 43,
45, 47, a steam inlet-outlet pipe 79 extending from the
seal housing 57 position is placed is coaxially disposed
so as to define an annular passage 81 communicated
with the inlet plenum 59 outside of the pipe. Further-
more, the center line bore 71 in the turbine disc 41 is
covered by a disc-shaped cover 83 so as to leave a gap
(shown enlargedly) between the right side surface of the
disc 41 and the cover 83; in a similar manner, an annu-
lar cover 85 leaving a gap (shown enlarged) between
the left side surface of the turbine disc 43 and itself, sup-
ports the inlet-outlet pipe 79 at the left end thereof.
These covers 83, 85 are connected with a connecting
plate 87 extending in a radial direction (in particular,
refer to Fig. 2).

[0010] Moreover, on each of the facing side surfaces
of the turbine discs 41, 43, sealing rings 41¢, 43d are
protrusively formed near an outer circumferential end
thereof so as to define a steam cavity 89a communi-
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cated with an internal steam cavity 89b at an inner side
of the engaging protrusions 41a, 43b. On engaging por-
tions of the coupling teeth, radial gaps extending in a
generally radial direction are defined, and depending on
the case, a communicating hole may be especially pro-
vided through the engagement protrusion 41a and/or
the engagement protrusion 43b. In a similar manner,
steam cavities 91a, 91b, 93a, 93b are each defined
between the turbine discs 43 and 45 and the turbine
discs 45 and 47, respectively. The steam cavities 91b,
93b each communicate with the annular passage 81
while the steam cavities 91a, 93b communicate with
each other through an axial passage 95 in the turbine
disc 45, and further the steam cavity 91a communicates
with a steam port at the root of the rotor blade 33
through the radial passage 97 in the turbine disc 43.
[0011] Moreover, since the axial bores 61, 63, 65, as
described before, each have an internal diameter larger
than the outer diameter of the spindle bolt 69, axial pas-
sages 61a, 63a, 65a for steam are defined, and the
axial passages 61a, 63b are connected to each other
through a partition tube 99 extending through the steam
cavity 89b. The axial passage 61a is connected to a
steam port at the root of the rotor blade 31 through the
steam cavity 101 on a left side of the turbine disc 41 and
radial passages 103a, 103b in the turbine disc 41.
[0012] On the other hand, the steam cavity 89a is
communicated to steam ports at the roots of the rotor
blades 31, 33 through the radial passage 105 in the tur-
bine disc 41 and the radial passage 107 in the turbine
disc 43, respectively.

[0013] With such a structure, cooling steam flows, as
shown by the arrows, in the annular passage 81 from
the inlet plenum 59 into the steam cavities 91b, 93b.
Steam having flowed into the steam cavity 93b is
divided into two streams; and one stream enters the
steam cavity 91b through the axial passage 65a while
the other enters the steam cavity 91a through the steam
cavity 93a and the axial passage 95. Steam in the
steam cavity 91b also flows in two separate directions,
as shown by the arrows. One stream enters the steam
cavity 91a and meets a steam flowing from the steam
cavity 93a. This combined steam flows into a root por-
tion of the rotor blades 33 through the radial passage
97, and then flows into a cooling passage (not shown) in
the rotor blade 33 thereby steam cooling the rotor blade
33. The steam, having finished the cooling function and
with an increased temperature, then enters the steam
cavity 89a through the radial passage 107. The other
stream flows successively through the axial passage
63a, the partition pipe 99 and the radial passage 61a
into the steam cavity 101, and further flows through the
radial passages 103a, 103b and reaches the root por-
tion of the rotor blade 31. Then, the steam flows through
a cooling passage (not shown) in the rotor blade 31
thereby steam cooling the rotor blade 31. The steam,
having finished a cooling function and with an increased
temperature, enters the steam cavity 89a through the
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radial passage 105.

[0014] The steam having thus finished cooling the
blades 31, 33 and returned to the steam cavity 89a,
flows through the steam cavity 89b, between the covers
85, 87 and finally through the interior of the steam inlet-
outlet pipe 79 and out of the turbine. As can be seen
from the above description, the steam cavities 89a, 89b,
the steam inlet-outlet pipe 79, etc. function as a cooling
steam discharge channel in the present embodiment. In
addition, a small amount of the cooling steam also flows
in the center line bores 71, 73 and through gaps on the
other side of the covers 83, 85, thereby protecting the
turbine discs 41, 43 from the high temperature of the
discharging steam.

[0015] Although in the embodiment described above
the annular passage 81 is used as a supply pipe for
cooling steam and the interior of the steam inlet-outlet
pipe 79 as a discharge pipe for the cooling steam, one
option is to design the flow of the steam in the reverse
direction as shown in Fig. 3. In such a case, the interior
of the steam inlet-outlet pipe 79 and the steam cavities
89a, 89b, etc., communicated thereto become the sup-
ply channel for the cooling steam while the annular pas-
sage 81 and the steam cavities 91a, 91b, 933, 93b, 101,
etc., communicated thereto become the discharge
channel. In Fig. 3, portions or members that are the
same as in Fig. 1 are designated with the same refer-
ence numerals, and a cover 183 is disposed on a right
side face of the turbine disc 43, and covers 185 are dis-
posed on opposite side faces of the turbine disc 45 and
a left side face of the turbine disc 47. The covers 183,
185 are fixed in a state similar to that of the covers 83,
85 described before. Further, those skilled in the art are
able to readily understand the construction, functions
and advantages of this modified embodiment without
specific descriptions in view of the before mentioned
description, because the functions are not changed
except that the flow direction of the cooling steam is
opposite that of the above mentioned embodiment in
Fig. 1.

APPLICABILITY IN INDUSTRY

[0016] As described above, according to the present
invention, two passages are coaxially defined by dis-
posing a steam inlet-outlet pipe in center line bores of
the turbine discs, thereby defining a supply and dis-
charge channel for steam. Moreover, since a space
defined between adjacent turbine discs is divided into a
supply and discharge passage for the steam, the dis-
charge passage for the cooling steam is secured
thereby sufficiently cooling a gas turbine. Thus,
increased inlet gas temperatures can be permitted
resulting in a gas turbine with improved efficiency.

Claims

1. A gas turbine rotor wherein at least two turbine
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discs are disposed in an axial row and fastened
together with spindle bolts extending therethrough,
characterized by provision of: a cooling steam cir-
culation passage composed of a center line bore
open at an axial end of the rotor and extending
through a central portion of the rotor;

a steam inlet-outlet pipe coaxially disposed in
the center line bore so as to define an annular
passage for cooling steam between an inner
circumferential surface of the center line bore
and the pipe;

a first steam cavity defined between and by fac-
ing side surfaces of said turbine discs and com-
municated to the steam inlet-outlet pipe;

a second and third steam cavity each defined
at non-facing side surface portions of said tur-
bine discs and communicated to the annular
passage;

an axial steam hole formed to extend through
the turbine disc spaced away from the center
line thereof and including a partition tube
extending through first steam cavity thereby
communicating the second and third steam
cavity; and

radial steam holes extending from each of the
first, second and third steam cavities to mount-
ing portions for rotor blades.

The gas turbine rotor for steam cooling as
described in claim 1, characterized in that said
annular passage is designed as a supply passage
for the cooling steam and said steam inlet-outlet
pipe is designed as a discharge passage for the
cooling steam.

The gas turbine rotor for steam cooling as
described in claim 1, characterized in that said
annular passage is designed as a discharge pas-
sage for the cooling steam and an interior of said
steam inlet-outlet pipe is designed as a supply pas-
sage for the cooling steam.

The gas turbine rotor for steam cooling as
described in any of claims 1 to 3, characterized in
that said axial steam hole also serves as a through
hole for said spindle bolt.
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